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Thesis Summary 
A number of acoustic and fluid-dynamic phenomena appear in ultrasonic cleaning baths and con- 
tribute to mechanical removal of contaminant particles at immersed surfaces. Recent studies suggest 
that the acoustic cavitation bubble enhances localized liquid flow on the targeted surfaces, resulting 
the effective particles removal in ultrasonic cleaning. However, bubbles under high-intensity ultrasound 
often accompanies shock emission from violent collapse and water hammer from re-entrant jet collision 
against solid surfaces, giving rise to the critical problem of surface erosion. In this thesis, we aim to 
develop an erosion-free ultrasonic cleaning with the aid of aerated water (gas-supersaturated water), 
which allows for driving relatively mild oscillation of acoustic cavitation bubbles even under lower-
intensity ultrasound. 
  First, we generate gas-supersaturated water by aeration with microbubbles and evaluate the amount 
of dissolved gas. While the concentration of dissolved oxygen (DO) can be detected by a DO meter, 
that of dissolved nitrogen (DN) is unavailable. To detect the DN level, we observe the quasi-static 
diffusion-driven growth of gas bubbles nucleated at glass surfaces and compare it with the extended 
multi-species theory of Epstein and Plesset where the DN is treated as a fitting parameter. 
Comparisons between the experiment and the theory suggest that the saturated DN and DO in the 
water is effectively purged by the aeration of oxygen and nitrogen microbubbles, respectively. 
  Second, we relate DO supersaturation to the probability of having cavitation bubble nucleation. The 
concentration of contaminant particles in the water is examined by nanoparticle tracking analysis based 
on Brownian motion and turns out to be rather insensitive to the DO supersaturation, suggesting the 
detection of nano-sized solid particles. Nanosecond pulse laser is shot into the water in order to locally 
heat the water or the nano-sized solid particles, triggering bubble nucleation. Since the nucleated 
bubbles subsequently grow by mass diffusion, the number of visible-sized bubbles is counted from 
capturing their scattered light. It is confirmed that the number of the nucleated bubbles nonlinearly 
increases as the DO supersaturation increases, meaning that the number of stable nuclei that 
contribute to cavitation inception is augmented under the supersaturation. 
  Finally, we examine the role of cavitation bubbles from cleaning tests under low-intensity ultrasound 
in DO supersaturated water. Glass slides spin-coated with silica particles are used to define cleaning 
efficiency. High-speed camera recordings and Particle Image Velocimetry analysis show that the 
population of cavitation bubbles increases and bubbly streaming flow is promoted under DO 
supersaturation. The cleaning is found to be achieved mainly by the action of cavitation bubbles, but 
there exists optimal gas supersaturation to maximize the cleaning efficiency. Beyond the optimal DO 
supersaturation, the bubbles’ population becomes large enough to mechanically absorb a large part of 
the energy of the ultrasound propagating from the transducer, giving rise to damped oscillation of 
bubbles with less cleaning effects. Furthermore, it follows from the simple erosion tests with aluminum 
foils that DO supersaturation could play a role in minimizing cavitation erosion, which is supported by 
the frequency spectrum analysis of the acoustic emissions from the oscillating bubbles. Our finding 
suggests that low-intensity ultrasound irradiation under the optimal gas supersaturation in cleaning 
solutions allows for having mild bubble dynamics without violent collapse and thus cleaning surfaces 
without cavitation erosion. 
